Aims: Fieldworkers capturing reports of sensitive behaviors, such as substance use, may influence survey responses and represent an important factor in response validity. We explored the effects and interaction of fieldworker and respondent characteristics (age and gender) in substance (tobacco and alcohol) use reporting. We aim to further the literature on conditional social attribution effects on substance use reporting in the context of South Africa, where accurate estimates of modifiable risk factors are critical for medical and public health practitioners and policy-makers in efforts to reduce chronic disease burden and mortality.
Introduction
Accurate estimates of behavioral chronic-disease risk factors are critical for medical and public health practitioners and policy-makers in efforts to reduce excess morbidity and mortality. Two important contributors to the global burden of chronic disease are tobacco and alcohol use (Lim et al., 2013) . In much of sub-Saharan Africa, alcohol and tobacco use are key contributors to health loss (Institute for Health Metrics and Evaluation, Human Development Network, & The World Bank, 2013) . In South Africa in particular, cumulative occurrence of alcohol and tobacco use in [2002] [2003] [2004] were estimated at ------IJADR 7(1) ------38.7% and 30.0%, respectively, with men far more likely to have become alcohol and tobacco users than women (Van Heerden et al., 2009) . Smoking prevalence was also much more common among men (35% compared to 10% of women) (Department of Health, Medical Research Council, & ORC Macro, 2007) . In 2003, about 39% of men and 16% of women reported drinking alcohol in the past year (Department of Health et al., 2007) . These estimates were based on survey reports, however, and compared to more objective consumption estimates, appear to underestimate substance use in South Africa (Department of Health et al., 2007) , perhaps due in part to social pressures to underreport and to reporting bias. Other influencing factors may include recall bias, underestimation of standard drinks, and undercoverage in surveys of the heaviest drinkers due to selective non-response (Gmel & Rehm, 2004) .
Estimates of individual risk behaviors are often based on surveys using respondent reports. Under-reporting of socially undesirable behaviors, including substance use, may be driven by social desirability, in which responses are adjusted to be closer to perceived norms governing acceptable behavior (Johnson & Parsons, 1994; Tourangeau & Yan, 2007) . While capturing respondent reports of potentially sensitive behaviors or excessive substance use, interviewers may also influence the surveyresponse process; thus, interviewers represent an important factor to consider when producing estimates and conducting inference (Davis, Couper, Janz, Caldwell, & Resnicow, 2010; Elliott & West, 2015) . These two factors may also interact: for instance, respondents may adjust their responses based on perceived norms or values they attribute to the interviewer. Respondents adapting their responses based on inferences of observable characteristics of interviewers such as age, gender, and race/ethnicity may yield systematic differences in respondents' reported behaviors that vary by interviewer characteristics.
Direct or social attribution effects are observable characteristics of interviewers that respondents may evaluate in their reporting (Fendrich, Johnson, Shaligram, & Wislar, 1999; Johnson & Moore, 1993) . Johnson and Parsons (1994) , for example, found that respondents of both genders were more likely to report substance use to male interviewers.
Additionally, conditional social attribution effects represent judgments of interviewer characteristics that vary according to subject characteristics (Fendrich et al., 1999) . Fendrich et al. (1999) found that for drug-use reporting, the impact of interviewer race/ethnicity varied according to the respondent's race/ethnicity: Black participants had lowered odds of reporting drug use to Black interviewers, while the responses of White participants and those of other races/ethnicities did not vary by interviewer race/ethnicity.
Another study on respondent-reported alcohol consumption found an interaction effect between interviewer and respondent age: younger respondents reported lower alcohol consumption to older interviewers, while older respondents reported higher alcohol consumption to older interviewers (Heeb & Gmel, 2001) . Finally, interviewer influence and social desirability biases may also be culturally determined, highlighting the need for further research on interviewer effects in different settings (Bernardi, 2006; Kim & Kim, 2016; Lalwani, Shrum, & Chiu, 2009; McCombie & Anarfi, 2002) .
In this paper we explore the effects and interaction of interviewer and respondent characteristics in substance use reporting. We use data from the Ha Nakekela ("We Care") cross-sectional study, conducted in 2010-2011 in the Agincourt subdistrict in rural South Africa, that included respondent-reported tobacco and alcohol use. We aim to explore social attribution effects by including interviewer characteristics, and to test whether these effects persist after allowing for correlation among respondents with the same interviewer. Based on a prior study exploring interviewer effects on sexual-behavior reporting in the same setting (see Houle et al., 2016) , we hypothesize that respondents will report less substance use to older interviewers, and that male respondents will report higher substance use to male interviewers. The present inquiry is particularly important given the marked gender disparity in reported substance use in South Africa, and the potential interactions with social norms and desirability around associated risk behaviors. It also furthers the literature on social attribution effects on substance use reporting in the context of South Africa, and provides a comparative basis for other studies using different survey procedures.
Methods
The study received ethical approvals from the University of the Witwatersrand Human Research Ethics Committee (M10458) and the Mpumalanga Provincial Research and Ethics Committee. Written informed consent (or assent for minors) was obtained for all participants.
Sample
We conducted a cross-sectional, community-level HIV and chronic diseases prevalence and risk factors survey in 2010-2011 in the Agincourt subdistrict in rural South Africa. The area has been under demographic and health surveillance since 1992 using an annual household census, including collection of vital events and household, social, and economic factors (Kahn et al., 2012) . From an eligible population of 34,413 residents based on the 2009 census, we randomly sampled 7,662 individuals ages 15+, stratified by age and sex.
Data Collection
Ten trained fieldworkers, randomly assigned to different villages and households, visited sampled participants in their homes and invited them to participate in the study. The field team consisted of five men and five women aged between 28-44, with six fieldworkers under age 35 and four fieldworkers 35 years of age and over; mid-study, one male fieldworker left and was replaced by a female fieldworker of a different age group. A total of 4,684 individuals consented to participation (Gómez-Olivé et al., 2013) . The fieldworkers administered a questionnaire on cardiometabolic diseases risk and substance use, adapted from the World Health Organization STEPwise approach to Fieldworker effects on substance use reporting 31 ------IJADR 7(1) ------chronic disease risk factor surveillance (World Health Organization, 2017) . Each home visit lasted approximately 45 minutes.
Fieldworkers were similar in many characteristics: all completed secondary school, were predominately Christian, and per Agincourt site guidelines, were Xitsonga/Shangaan speakers living in the study site. We did not have additional information available on other fieldworker characteristics.
Statistical Analysis
We modeled four outcomes from the questionnaire to explore fieldworker age and gender effects and their interaction with respondent characteristics on lifetime and current substance use:
Ever smoked: Have you ever smoked any tobacco product such as cigarettes, cigars, or pipes?
Currently smokes: Do you currently smoke (you will smoke if you have the possibility) any tobacco products, such as cigarettes, cigars, or pipes?
Ever drank: Have you ever consumed an alcoholic drink such as beer, wine, spirits, fermented cider, thothotho [a high-proof, distilled spirit], or traditional beer?
Currently drinks: Have you consumed an alcoholic drink within the past 30 days?
We modeled each of the four outcomes using completecase binary logistic regression and built the model in stages by testing for improvements in model fit using nested likelihood ratio tests. First, we modeled each outcome using respondent characteristics only, including sex, age (and age 2 when indicated to model changes along the life course-i.e., allowing age to have a nonlinear association on substance use reporting), quintiles of household socioeconomic status (SES), education, employment and union status, and village of residence.
Second, we included fieldworker characteristics (age categorized as < 35 and 35+ years of age and sex) and tested interactions between respondent and fieldworker characteristics to assess their impact on tobacco-and alcohol-use reporting. As we have limited variability on fieldworker effects, we modeled them as fixed effects. We selected our fieldworker age cut-offs to give variation for comparison, while not categorizing fieldworkers into unrealistic age categories; our cut-offs for "younger" and "older" fieldworkers takes into account that life expectancy in Agincourt is 55 years for males and 62 years for females (Kahn et al., 2012) , and that the average age at first birth is 20 (Williams et al., 2013) ; and these age cut-offs were used previously in a similar study exploring fieldworker effects on sexual behavior reporting (Houle et al., 2016) . While in this analysis we tested the effects of social categories of fieldworker age, we also tested models including differences in respondent and fieldworker age, finding most effects to be non-significant. We also tested if any outlying fieldworker(s) unduly influenced our results by including an indicator for each fieldworker in each model. We summarize each model using average marginal effects, including variation by significant fieldworker characteristics (if indicated).
Third, we estimated a multi-level model including a fieldworker random intercept to allow for correlation in respondent reporting to the same fieldworker (as in Dailey & Claus, 2001 ). As we included respondent sex and age as independent variables in our models, we report unweighted estimates. All analyses were completed using Stata 14.
Results
Respondent sample characteristics and fieldworker characteristics are presented in Table 1 . The sample was approximately 60% female, with a mean age of 42 years. Unemployment was high (79%) as well as having a previous migration history (57%). Reporting lifetime and current substance use was much higher for males compared to females. a In the questionnaire, "currently drinks" was conditioned also on "Have you consumed an alcoholic drink within the past 12 months?" to account for the difference between those indicating they ever drank and those currently drinking in the past month. Table 2 (column a) shows the results of the binary logistic regression for reporting having ever smoked, including respondent characteristics only. First including age 2 (p < .001), next interacting sex and age (p = .010), and finally sex and age 2 (p < .001) significantly improved model fit and resulted in the base model with respondent characteristics only (Table 2a) . Males had higher odds of ever smoking, while higher SES and being in a current union lowered the odds of ever smoking.
Ever Smoked
We next included fieldworker sex and age, shown in Table  2 (column b). Interacting fieldworker and respondent age significantly improved model fit (p = .017; Table 2b ). Figure 1 shows the predicted probability of ever smoking by respondent and fieldworker age. Respondents had higher odds of reporting ever smoking to older fieldworkers, and this effect increased among older respondents.
Including a random intercept for the fieldworker significantly improved model fit (p < .001; Table 2c ). The intraclass correlation coefficient (ICC) was .06, representing the total variance shared among individuals with the same fieldworker. The total effect of fieldworker age on reporting ever smoking remained significant, accounting for correlation in respondent reporting with the same fieldworker (p = .029). (Table 2d) . Males had higher odds of currently smoking, while higher SES and being in a current union lowered the odds of currently smoking.
Currently smokes
We next included fieldworker sex and age, shown in Table  2 (column e). Including fieldworker sex and age showed no effect on the odds of currently smoking. Figure 2 shows the predicted probability of currently smoking by respondent sex and age. For males, the probability of currently smoking declined with age, while for females the probability increased with age. Including a random intercept for the fieldworker significantly improved model fit (p < .001; ICC = .07; Table 2f ).
Table 2
Binary logistic regression of reporting ever smoking (columns a-c) and current smoking (columns d-f), by Base Model (respondent characteristics), added fieldworker effects (sex and age), and added fieldworker effects including a random intercept for the fieldworker. All models adjusted for village. 
Figure 1
Predicted probability of ever smoking using average marginal effects, by respondent and fieldworker age, Agincourt, South Africa, 2010-2011.
Figure 2
Predicted probability of currently smoking using average marginal effects, by respondent sex and age, Agincourt, South Africa, 2010-2011.
Fieldworker effects on substance use reporting 35 (Table  3a) . Males had higher odds of ever drinking, while higher SES and education, and being in a current union, lowered the odds of ever drinking. The probability of ever drinking increased with age.
Ever Drank
We next included fieldworker sex and age, shown in Table  3 (column b). Interacting fieldworker age and respondent sex significantly improved model fit (p = .013; Table 3b ). Figure 3 shows the predicted probability of ever drinking by respondent sex and age, as well as by fieldworker age. Male respondents had a higher probability of reporting ever drinking to older fieldworkers.
Including a random intercept for the fieldworker significantly improved model fit (p < .001; ICC = .03; Table 3c ). The overall effect of fieldworker age on reporting ever drinking was no longer significant after accounting for intra-fieldworker correlation (p = .089). (Table  3d) . Males had higher odds of currently drinking compared to females. The probability of currently drinking increased with respondent age.
Currently Drinks
We next included fieldworker sex and age, shown in Table  3 (column e). Figure 4 shows the predicted probability of currently drinking by respondent age and fieldworker sex and age. Having a male or older fieldworker increased the probability of reporting currently drinking.
Including a random intercept for the fieldworker significantly improved model fit (p < .001; ICC = .15; Table 3f ). The effects of fieldworker sex (p = .187) and age (p = .246) were no longer significant after accounting for intra-fieldworker correlation.
Table 3
Binary logistic regression of reporting ever drinking (columns a-c) and current drinking (columns d-f), by Base Model (respondent characteristics), added fieldworker effects (sex and age), and added fieldworker effects including a random intercept for the fieldworker. All models adjusted for village. 
Figure 3
Predicted probability of ever drinking using average marginal effects, by respondent sex and age, and fieldworker age, Agincourt, South Africa, 2010-2011.
Figure 4
Predicted probability of currently drinking using average marginal effects, by respondent age and fieldworker sex and age, Agincourt, South Africa, 2010-2011.
Discussion
We found evidence for both direct and conditional social attribution effects of interviewers on respondent reporting of substance use in rural South Africa. For reporting lifetime substance use, we found conditional social attribution effects of interviewer age for smoking (conditional on respondent age) and drinking (conditional on respondent gender). For reporting current substance use we found direct social attribution effects of interviewer age and gender on drinking, but not for smoking. We also found that accounting for intra-interviewer correlation often made these interviewer effects non-significant, suggesting that the similarity of individual responses within interviewers explained many of the interviewer effects. In other words, many of the observed interviewer effects were explained by the correlation induced from individuals responding to the same interviewer.
Earlier work in Agincourt explored interviewer effects on sexual behavior reporting and found that respondents reported fewer sexual partners and "safer" sexual behaviors (such as condom use and discussing HIV with sexual partners) to older interviewers (Houle et al., 2016) . Men also reported higher numbers of sexual partners to female interviewers (Houle et al., 2016) . In the present study on substance use behaviors, however, we found striking differences: respondents had a higher probability of reporting ever and current substance use to older interviewers, and males being interviewed by older interviewers had a higher probability of reporting ever drinking. These contrasting results suggest several important considerations. Foremost, social desirability bias varies depending on the dimension of life being queried, and thus should be analyzed and interpreted separately. Notably, behaviors deemed "risky" for chronic diseases, like drinking and smoking, may not carry the same negative valence in the Agincourt setting as risk behaviors linked to other diseases, such as lack of or inconsistent condom use or having multiple sexual partners on risk for HIV infection, and thus are not subject to the same sorts of biases. Moreover, prominent social marketing efforts and public health campaigns in South Africa and elsewhere in the region where HIV prevalence is high have emphasized the link between modifying sexual behaviors to avert HIV infection. The link between substance use and mortality, however, even as the burden of chronic diseases becomes more profound, is not as widely established.
Second, drinking and smoking may also represent a socially sanctioned activity for men, and thus may be commonplace to discuss, particularly in the presence of other men. Men may also report this behavior differently to female interviewers because of the associations drinking has with irresponsibility and even violent behavior, such as drunk driving and intimate partner violence (Jewkes, 2002; Jewkes, Levin, & Penn-Kekana, 2002) . The low levels of reported use by women in our study suggest that substance use may be considered a "male activity." Studies of substance use disorders among women and men in South Africa have also found harsher criticisms of women than men, which may be attributed to the gendered "moral discourses" around substance use, particularly the association with sexual deviance and subversion of traditional gender roles among female users (Myers, Fakier, & Louw, 2009 ).
We acknowledge several study limitations, the first three of which we have noted elsewhere in similar analyses (see Houle et al., 2016) . First, due to the cross-sectional nature of the data, we can only make assumptions about respondent reporting. Future studies may employ more targeted techniques, such as eliciting perceived age versus using actual interviewer age (Davis et al., 2010) , to explore interviewer effects on respondent reporting. Second, we may be detecting other unobserved interviewer effects (e.g., community reputation, degree of religiosity, marital status) ------IJADR 7(1) ------that we were unable to measure. That most interviewer effects were no longer significant in our multi-level models indicates that correlation in reporting for respondents with the same interviewer reflects other shared factors. A strength of the data, however, is the lack of interviewer variability in other socio-demographic characteristics, suggesting that other factors during the survey process warrant further study, such as interviewer skill and personality in questionnaire delivery ("role-restricted interviewer effects") (also see Bignami-Van Assche, Reniers, & Weinreb, 2003; Weinreb, 2006) . Third, it is unknown how respondents actually view the perceived age of the interviewer. While our focus was on social categories of age, we also modeled differences in interviewer and respondent age, with mostly nonsignificant results. We also attempted to accommodate for age differences by including interactions between respondent and interviewer age when it improved model fit. Fourth, given the low levels of lifetime and current use of substances reported by females, we were not able to examine gender-specific interactions in further detail. Similarly, the substance use behaviors available in the survey were limited, and other measures may be more sensitive to interviewer effects. Fifth, while interviewers were randomly assigned to respondents (avoiding confounding interviewer and respondent characteristics), this study used a small number of interviewers relative to a large number of respondents, which may increase the design effects of individual interviewers on study results as well as limit our ability to explore other sociodemographic factors (Davis et al., 2010) . Finally, we lack systematic information on third-party presence, which with homebased interviews is likely to have affected interviewer variation in respondent reporting (Aquilino, Wright, & Supple, 2009 ).
Our results highlight the importance of adjusting for interviewer characteristics to improve the accuracy of chronic-disease risk-factor estimates and validity of inferred associations. This is particularly important in settings undergoing rapid social and epidemiological change, to provide a strong evidence base for effective prevention and intervention efforts, as well as effective targeting of health services and care management for those most in need (Houle, Clark, Gomez-Olive, Kahn, & Tollman, 2014; Tollman et al., 2008) . Based on these results, we recommend that surveys collecting information that may be susceptible to social attribution and other biases routinely include anonymized interviewer identifiers and other demographic information (see also Elliott & West, 2015) . Analysts can then use this information as a useful tool in assessing the possibility and extent of bias in respondent reporting, and, where possible, adjust for interviewer effects when consequential for their research question.
